Carotid ligation in the neck is an accepted method of treating certain intracranial aneurysms. This procedure carries some risk of ischaemic brain damage; Millikan (1969) has reported focal neurological disability after carotid ligation in 43o% of 188 patients, but only 4-2% of the patients developed immediate complications. In Nishioka's (1966) report on carotid ligation cerebral ischaemia was observed in 29-7% of 785 patients; 6-4% of this series had immediate ischaemic complications. Although only a minority of patients developing ischaemic complications do so immediately, the reason for the delay is not known. One possibility is the development of distal intra-arterial thrombosis, but there is no evidence of this from post-mortem findings (Nishioka, 1966) , nor from the experience of neurosurgeons (Symon, 1969 (Wilkinson and Browne, 1970) .
Throughout these experiments, steps were taken to ensure steady state conditions in respect of those physiological variables considered of importance in the control of the cerebral circulation. Some changes in mean arterial blood pressure (MABP) in these experiments were unavoidable but they resemble those seen in similar clinical states. The MABP became elevated with ligation of the carotid artery and more markedly when both carotid arteries were tied. Again MABP became raised to some extent with hypercapnia and fell with hypocapnia. These changes were minimized to a large extent by waiting for a few minutes after carotid ligation until the MABP returned to near the control value before measuring CBF. The changes in arterial pCO2 were induced gradually over 10 to 15 minutes in order to avoid large changes in the MABP.
The CBF values at normocapnia compare well with previous experience in this laboratory (Harper, Deshmukh, Rowan, and Jennett, 1972) . After ipsilateral carotid ligation, at normocapnia, there was some fall in CBF of 4% in the first and 11% in the second group, a difference which is not significant by Student's t test.
The CBF/CO2 gradient, before carotid ligation, was 3-3 in the first group, which is higher than some figures quoted in the literature (Reivich, 1964; Harper and Glass, 1965) , but compares well with that reported by Harper et al. (1972) . In each individual animal, after ipsilateral carotid ligation, the CBF/CO2 gradient was reduced, although there was still a moderate increase in CBF values with hypercapnia. This is contrary to a report published by Kindt and Youmans (1968) which showed that CO2 was ineffective in increasing internal carotid flow on one side (as measured by an EMF probe) in the monkey when the opposite carotid artery had been tied. We did not observe a paradoxical CBF response to elevation of PaCO2 as described by Boysen et al. (1971) in 25%Y of patients with diseased arteries after carotid clamping during endarterectomy. In the report by Pistolese et al. (1971) only one out of five patients with diseased arteries had an increase in CBF with hypercapnia after carotid clamping during endarterectomy. In two patients there were no changes in CBF at hypercapnia and in the remaining two patients reduction of CBF occurred in the ipsilateral hemisphere.
In the second group of experiments, before carotid ligation, the CBF/CO2 gradient of fall in CBF during hypocapnia was only 0-72. This is because of the sigmoid shape of the CO2 response curve (Harper and Glass, 1965) . There was no marked difference in the mean CBF/CO2 gradient of fall before and after carotid ligation, probably because severe hypocapnia leads to a degree of brain tissue hypoxia which prevents a further fall in the CBF (Betz et al., 1968; Granholm et al., 1968; Reivich et al., 1968) . One animal, after ipsilateral carotid artery ligation, showed a small rise in CBF on hyperventilation.
When both carotid arteries were ligated, the CBF values at normocapnia in each group of experiments showed a significant decrease (220 and 46%) in spite of an elevation of blood pressure, and there was little change in the CBF after hypocapnia or hypercapnia.
When one carotid artery was ligated, the cerebral blood flow was maintained, presumably by dilatation of the distal arteriolar tree, consequent to the fall in the intra-arterial pressure in the brain. However, it has been shown that cerebral vessels, already dilated to compensate for moderate hypotension, are unable to respond effectively when a further dilatory stimulus such as CO2 is superimposed (Harper and Glass, 1965) . The vessels which are already dilated after carotid ligation respond less effectively to increase in PaCO2 and the CBF/CO2 gradient is therefore reduced. With both carotid arteries ligated, the dilatation of the distal cerebral arteries is greater still, in order to maintain cerebral blood flow from collateral sources, and the CO2 response is even more reduced. During hypocapnia, perhaps because of the development of tissue hypoxia, there was no change in CBF/CO2 gradient with one carotid ligated. When both carotid arteries were tied, hypocapnia had very little effect on the cerebral blood flow, presumably due to maximal dilatation of the distal arteries.
From these experiments it may be inferred that the CBF may appear to be approximately normal after carotid ligation but there is a reduced reserve; this will be obvious if metabolic needs are increased, or if there is development of moderate hypotension or hypoxia which would normally cause further arterial dilatation. This is probably the state of 'carotid insufficiency' described by Denny-Brown (1960) .
It is presumed that the patient who has undergone carotid ligation may have normal cerebral blood flow and no neurological deficit, but that he is at risk if the cerebral circulation is physiologically stressed by increased metabolic demands, by hypoxia or by hypotension. This state of carotid insufficiency may be an explanation for the development of delayed neurological complications after carotid ligation.
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